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(54) Integral corrosion protection of friction stir welded joints 



(57) A zone of corrosion-resistant material covering 
a friction stir welded joint surface is provided by applying 
a layer of corrosion-resistant material over one or both 
surfaces of the workpieces being joined so that the layer 
covers at least the weld zone which will be rendered 
plastic during a friction stir welding operation. The corro- 
sion-resistant material layer is contacted by the friction 
stir welding tool, and the tool causes shearing and plas- 
tic flow of the corrosion-resistant material along the sur- 
face of the welded joint. The corrosion-resistant 
material thus metallurgically bonds with portions of the 
plasticized metal so as to form a corrosion-resistant 
zone protecting the welded joint from exposure to corro- 
sive environments. 
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Description 

Field of the Invention 

[0001] The present invention relates to welding of met- 
als and, more particularly, to friction welding of joints 
between metal workpieces. 

Backcround of the Invention 

[0002] Friction stir welding is a known technique for 
welding together workpieces across a joint therebe- 
tween. The process is described in U.S. Patent No. 
5,460,317, the disclosure of which is incorporated 
herein by reference, and generally comprises passing a 
rotating stir pin between the workpieces at the joint so 
that the stir pin frictionally heats and plasticizes the 
material of both workpieces surrounding the stir pin and 
causes the plastic material to mix, and advancing the 
rotating stir pin along the joint to metallurgically bond 
the workpieces together. 

[0003] Friction stir welding has provided a practical 
process for welding certain materials which theretofore 
could not practically be welded to create structural 
assemblies. For example, precipitation-hardened high- 
strength aluminum alloys are attractive candidates for 
constructing high-performance structures having high 
strength-to-weight ratios, but prior to the development of 
the friction stir welding method their full advantage 
could not be realized in structures having linear welded 
joints because no process for effectively weld such 
materials along linear welds had been available. Conse- 
quently, mechanical fasteners had to be used for joining 
components formed of high-strength aluminum alloys. 
The added weight of the fasteners compromises the 
weight-reducing benefits of these high-strength materi- 
als. 

[0004] With the advent of the friction stir welding proc- 
ess, a method for effectively joining these high-strength 
aluminum alloys along linear joints without mechanical 
fasteners has been provided, thereby removing one of 
the barriers to more-widespread use of such materials 
for constructing high-performance structures. However, 
another barrier to their use still remains. Specifically, the 
carefully engineered, corrosion-resistant microstructure 
of high-strength precipitation-hardened aluminum alloys 
tends to become altered in the process of being welded, 
such that the weld zone is prone to corrosive degrada- 
tion at an accelerated rate compared to the material out- 
side the weld zone. The result is welded joints having 
poor corrosion resistance. Although welded structures 
are typically chemically treated to enhance their corro- 
sion resistance prior to being placed into service, this 
type of treatment would be inadequate to overcome the 
poor corrosion resistance of the welded joints. 
[0005] Thus, prior to the present invention there has 
not been available a technique for effectively welding 
high-strength aluminum alloys and the like while pre- 



serving adequate corrosion resistance at the welded 
joints. 

Summary of the Invention 

5 

[0006] The present invention overcomes the problems 
associated with welding materials such as high-strength 
precipitation-hardened aluminum alloys as noted 
above, by providing a process for friction stir welding in 

10 which an integral corrosion-resistant material zone is 
created at a weld zone surface, which would otherwise 
be exposed to potentially corrosive environments, con- 
currently with the formation of the weld. The corrosion- 
resistant material zone is intimately and metallurgically 

15 bonded to the material of the workpieces being joined, 
covering the surface of the weld zone so that the mate- 
rial in the weld zone is protected against exposure to 
corrosive agents. 

[0007] More particularly, a preferred embodiment of 

20 the method of the invention comprises defining a weld 
zone of the workpieces which is to be rendered plastic 
for creating a metallurgical bond between two work- 
pieces which are connected at a joint therebetween. A 
layer of corrosion-resistant material is affixed to the 

25 outer surface of the weld zone adjacent outer surfaces 
of one or both of the workpieces. The corrosion-resist- 
ant material may be applied as a strip covering the weld 
zone and extending along the joint. In accordance with 
one preferred embodiment of the invention, the corro- 

30 sion-resistant material strip is a metal strip. The metal 
strip may be affixed by tack welding or other suitable 
technique. Alternatively, in the case of butt welds, the 
corrosion-resistant metal may be applied as a discrete 
layer covering the outer surface of each workpiece such 

35 that the discrete layers together form a substantially 
continuous layer of corrosion-resistant material when 
the workpieces are placed in edge-abutting relation. 
The discrete layers may be applied by a cladding proc- 
ess or other suitable technique. 

40 [0008] In the case of welding across a lap joint 
between two overlapping workpieces, the corrosion- 
resistant material layer is applied over the outer surface 
of one of the workpieces which will constitute the outer 
surface of the welded joint. 

45 [0009] With the workpieces positioned in contact with 
each other, a friction stir welding operation is performed 
to plastice the metal of the workpieces within the weld 
zone as well as shear the corrosion-resistant material 
layer or layers to cause plastic flow thereof along the 

50 outer surface of the weld zone. The corrosion-resistant 
material intimately and metallurgically bonds to the 
outer surface of the welded joint. 
[0010] The friction stir welding operation is performed 
by engaging both workpieces on either side of the joint 

55 with a stir pin of a rotating friction stir welding tool so as 
to cause local plasticization of the metal of both work- 
pieces adjacent the joint, and advancing the rotating 
friction stir welding tool along the joint to create the fric- 
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tion stir welded joint. The friction stir welding tool 
includes a shoulder which contacts the outer surfaces of 
the workpieces during the welding operation and 
applies a force to the workpieces. The shoulder 
engages the corrosion*resistant material layer or layers $ 
and causes frictlonal heating and shearing thereof. As 
the rotating friction stir welding tool is advanced in the 
plane of the workpieces to form a weld, the shoulder 
causes planar plastic flow of the corrosion-resistant 
material along the boundary with the plasticized metal io 
of the workpieces and causes the corrosion-resistant 
material to be intimately and metallurgically bonded to 
the outer surface of the weld zone. 
[0011] Thus, the corrosion-resistant material layer 
forms an integral con-osion-resistant zone spanning the is 
joint and covering the metal in the weld zone which has 
been metallurgically altered by the thermal excursion 
during the welding operation. The weld zone is thereby 
protected against exposure to corrosive environments. 
[0012] In accordance with a further method of the 20 
invention for forming welded lap joints, a layer of corro- 
sion-resistant material is interposed between overlap- 
ping portions of two workpieces and a friction stir 
welding operation is performed to form a lap weld 
through the overlapping portions. The rotating stir pin 25 
causes plastic flow of the corrosion-resistant material 
layer surrounding the weld zone, causing the corrosion- 
resistant material to metallurgically bond with the plasti- 
cized metal of the workpieces. The result is a corrosion- 
resistant material surrounding and metallurgically 30 
bonded to the weld at the lap joint, thus sealing the joint 
and preventing corrosive agents from contacting and 
causing corrosion of the weld. 
[0013] The invention also provides a welded joint for 
joining two metal workpieces. The welded joint com- 35 
prises first and second workpieces connected at a joint 
therebetween and metallurgically bonded to each other 
by a welded zone extending across the joint. The 
welded joint also includes a corrosion-resistant material 
intimately and metallurgically bonded to the metal in the 40 
welded zone to thereby form a zone of corrosion-resist- 
ant material along a surface of the welded zone. 
[0014] In accordance with a preferred embodiment of 
the invention, the workpieces are formed of precipita- 
tion-hardened aluminum alloy, and the corrosion-resist- 45 
ant material Is pure aluminum. However, the Invention is 
applicable to welding a variety of materials. In addition 
to high-strength aluminum alloys, the invention may be 
applied for welding titanium, steel, copper, and other 
materials. The corrosion-resistant material is selected so 
to be compatible with the material being welded. 
[0015] By Intimately and metallurgically bonding with 
portions of the first and second workpieces within the 
weld zone, the corrosion-resistant material protects the 
metal in the weld zone which has been metallurgically ss 
altered during the welding operation and is otherwise 
susceptible to corrosion. 



Brief Description of the Drawings 

[0016] The above and other objects, features, and 
advantages of the invention will be made more apparent 
from the following description of certain preferred 
embodiments thereof, when taken In conjunction with 
the accompanying drawings in which: 

FIG. 1 is a schematic perspective view showing a 
conventional friction stir welding operation for form- 
ing a butt weld between two workpieces; 
FIG. 2A is a cross-sectional view taken on line 2A- 
2A of FIG. 1 showing the butt joint prior to welding; 
FIG. 2B is a cross-sectional view taken on line 2B- 
2B of FIG. 1 showing the butt joint after welding; 
FIG. 3 is a schematic perspective view showing a 
friction stir welding operation in accordance with the 
invention, for forming a butt weld having an Integral 
corrosion-resistant material zone covering the outer 
surface of the welded joint; 
FIG. 4A is a cross-sectional view taken on line 4A- 
4A of FIG. 3 showing the butt joint prior to welding; 
FIG. 4B is a cross-sectional view taken on line 4B- 
4B of FIG. 3 showing the butt joint after welding; 
FIG. 5A is a view similar to FIG. 4A, showing an 
alternative method of affixing corrosion-resistant 
material to the workpieces; 
FIG. 58 is a view similar to FIG. 4B, showing the 
butt joint resulting from friction stir welding the joint 
ofFIG.5A; 

FIG. 5C is a photomicrograph of a butt weld pro- 
duced in accordance with the invention by friction 
stir welding the butt joint of FIG. 5A, obtained by 
cutting the butt weld on a plane normal to the direc- 
tion in which the friction stir welding tool is 
advanced, such as along the line 4B-4B of FIG. 3; 
FIG. 6A is a view similar to FIGS. 4A and 5A. show- 
ing yet another method of affixing corrosion-resist- 
ant material to the workpieces; 
FIG. 6B is a view similar to FIGS. 4B and 5B. show- 
ing the butt joint resulting from friction stir welding 
the joint of FIG. 6A; 

FIG. 7 is a schematic perspective view showing a 
friction stir welding operation for forming a welded 
joint across a lap joint between two overlapping 
workpieces in accordance with the invention; 
FIG. 8A is a cross-sectional view taken on line SA- 
BA of FIG. 7, showing the lap joint prior to welding; 
FIG. 8B is a cross-sectional view taken on line SB- 
SB of FIG. 7, showing the lap joint after welding; 
FIG. 9A is a cross-sectional view similar to FIG. 8A, 
showing a lap joint in which a layer of corrosion- 
resistant material is introduced between the over- 
lapping workpieces prior to welding; and 
FIG. 9B is a photomicrograph of a lap joint weld 
produced by lap welding the lap joint of FIG. 9A. 
taken along a plane normal to the direction in which 
the friction stir welding toot is advanced. 
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Detailed Despription of the Prawinqs 

[0017] The invention will now be explained by refer- 
ence to certain preferred embodiments thereof. How- 
ever, It Is to be understood that the Invention is not 
limited to these particular embodiments. 
[0018] FIG. 1 depicts a conventional friction stir butt 
welding operation as described in the aforementioned 
U.S. Patent No. 5.460,317 which has been incorporated 
herein by reference. The two workpleces 10 and 12 
which are to be butt welded are placed in edge-abutting 
relation, as best seen in FIG. 2A, A rotating friction stir 
welding tool 14 having a stir pin 16 is brought Into 
engagement with upper surfaces of the workpleces 
such that the stir pin 16 contacts the material of both 
workpleces on either side of the joint 18 therebetween. 
The rotating stir pin 16 frictionally heats the material of 
the workpleces adjacent the stir pin 16 and causes the 
material to plastlcize, enabling the stir pin 16 to be 
plunged Into the workpleces until the plastic zone 
extends to a location adjacent the lower surfaces of the 
workpleces. The rotating tool 14 is advanced along the 
joint 18. and the stir pin 16 heats and plasticizes the 
workpiece material as the tool advances, mixing the 
plasticlzed materials of the two workpleces together to 
create a plastic zone 20 which seamlessly and continu- 
ously bridges the workpleces. As shown in FIG. 2B, the 
plasticlzed material left in the wake of the advancing stir 
pin cools and resolidifies, thus forming a weld 22 
between the workpleces. 

[0019] The outer surface 24 of the welded zone 22 is 
left exposed to potentially corrosive environments. 
Where the corrosion resistance properties of the work- 
pieces being welded are degraded by the thermal 
excursion experienced during the welding operation, 
which occurs for example with high-strength precipita- 
tion-hardened aluminum alloys, this exposed surface of 
the welded joint represents a serious disadvantage 
because corrosive attack on the welded joint will be 
allowed to occur, even In Instances In which the welded 
structures are chemically treated before being placed In 
service. 

[0020] The invention provides a welding method and 
a welded joint which overcome this disadvantage. FIG. 
3 depicts a welding operation for forming a friction stir 
welded butt weld in accordance with the present inven- 
tion. The workpleces 10 and 12 are placed in edge- 
abutting relation, and the outer surface of the joint 18 
(I.e.. the surface adjacent the friction stir welding tool 
14) Is covered by a strip 26 of corrosion-resistant mate- 
rial. The strip 26 extends for a transverse width (meas- 
ured transverse to the direction along which the friction 
stir welding tool 14 Is advanced) that is sufficient to 
cover a weld zone which Is predetermined or defined 
based on the diameter of the stir pin 16. The weld zone 
is the region of the workpleces 10 and 12 that will be 
rendered plastic by the frictional heating induced by the 
rotating stir pin 16 when the friction stir welding opera- 



tion is performed. As previously described, the micro- 
structure of the metal in this weld zone is subject to 
being altered by the thermal excursion experienced dur- 
ing friction stir welding such that the con-osion reslst- 

5 ance of the metal is substantially degraded. 

[0021] The strip 26 may be comprised of various cor- 
rosion-resistant materials, including metals and non- 
metals. For example, pure aluminum (i.e., aluminum 
which Is not Intentionally alloyed with any other material) 

10 may be used, as it has very good corrosion-resistant 
properties and is compatible with aluminum alloys. 
Alternatively, a sacrificial metal such as cadmium or 
magnesium may be used, so that corrosion of the sacri- 
ficial metal occurs while the underlying welded joint is 

15 protected against corrosion. Non-metal corrosion- 
resistant materials may include chromium oxide or the 
like. The invention is not limited to any particular corro- 
sion-resistant material. 

[0022] Where the corrosion-resistant material Is a 
20 metal, It may be tack welded to the workpleces as 
shown in FIG. 4A. However, other methods of affixing 
the strip to the workpieces may be used. 
[0023] As best seen in FIG. 4B, the friction stir welding 
tool 14 engages the workpieces such that a shoulder 
25 28, from which the stir pin 16 extends, intimately con- 
tacts the corrosion-resistant strip 26 and frictionally 
engages the strip to cause a shearing action and plastic 
flow of the corrosion-resistant material along the outer 
surface of the joint. Metallurgical bonding of the corro- 
30 sion-reslstant material and the plasticlzed metal of the 
workpieces occurs along the boundary therebetween in 
the weld zone. Thus, the resulting welded joint includes 
a corrosion-resistant material zone 30 covering the sur- 
face of the weld zone which would otherwise be 
35 exposed to potentially corrosive agents. The corrosion- 
resistant material zone covers the weld zone 22 and is 
continuously bonded to the upper surfaces of the work- 
pieces. The corrosion-resistant material zone 30 pro- 
tects the metal of the weld zone 22 from exposure to 
40 corrosive environments. 

[0024] Prior to welding, the layer of corrosion-resistant 
material may be applied to the workpieces by various 
techniques, one of which has been described In con- 
nection with FIG, 4A. FIGS. 5A and 6A depict other 
45 techniques for affixing con-osion-reslstant material lay- 
ers to the workpieces in preparation for welding. In FIG. 
5A, each of the workpieces 10 and 12 is separately clad 
with a corrosion-resistant material layer 32 and 34, 
respectively. The workpleces are then placed In edge- 
so abutting relation as shown In FIG. 5A so that the corro- 
sion-resistant layers 32 and 34 together form a substan- 
tially continuous layer covering the upper surfaces of the 
workpieces, and the welding operation Is then per- 
formed. FIG. 5B shows the friction stir welded butt weld 
55 formed from the structure of FIG. 5A. The shoulder of 
the friction stir welding tool shears the two cladding lay- 
ers 32 and 34 and causes them to metallurgically bond 
with the metal In the weld zone 22 and to form a contln- 
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uous corrosion-resistant material zone 36 covering the 
weid zone., 

[0025] FIG. 5C is a photomicrograph of a butt weld 
produced in accordance with the invention, in which 1/4- 
inch thick plates of 2024 aluminum alloy were friction stir 5 
butt welded by a process as depicted in FIG. 3. Each of 
the plates was clad prior to welding with a 0.012-inch 
thick sheet of AI-1Zn corrosion-resistant aluminum alloy 
on its upper surface, similar to the workpieces shown in 
FIG. 5A. The weld zone 22 is visible as the central io 
region of discolored material. A continuous layer 36 of 
corrosion-resistant material covers the weld zone 22. 
[0026] FIG. 6A depicts yet another method of prepar- 
ing the workpieces for welding. Corrosion-resistant 
material layers 38 and 40 are deposited locally on the is 
workpieces 10 and 12, respectively, so that the layers 
cover the predetermined weld zone of each workpiece. 
The workpieces are then abutted against each other, 
and the welding operation is performed. FIG. 6B depicts 
the welded joint formed from the structure of FIG. 6A. A 20 
corrosion-resistant material zone 42 covers the weld 
zone 22. 

[0027] The method of the Invention is applicable to 
forming welded joints of other types in addition to butt 
welds. As an illustrative example, FIG. 7 schematically 25 
depicts a welding operation in accordance with the 
invention for welding together two workpieces at a lap 
joint. An upper workpiece 50 ("upper" denoting the 
workpiece adjacent the friction stir welding tool 14, it 
being understood that the welding operation need not 30 
be performed with the tool 14 in a vertical orientation as 
shown in the drawings) is positioned in overlapping rela- 
tion with a lower workpiece 52 to define a lap joint 54 
therebetween, as shown in FIGS. 7 and 8A. A strip 56 of 
corrosion-resistant material is affixed to the outer sur- 35 
face 58 of the upper workpiece 50 so that it covers a 
predetermined weld zone which will be rendered plastic 
during the welding operation. The friction stir welding 
operation is then performed, the rotating stir pin 16 
extending completely through the thickness of the upper 4o 
workpiece 50 and partially through the thickness of the 
lower workpiece 52 such that a welded zone 60 Is cre- 
ated which extends from the outer surface 58 through 
the upper workpiece 50 and at least partially through 
the thickness of the lower workpiece 52, as shown in 45 
FIG. 8B. The corrosion-resistant strip 56 is sheared by 
the shoulder 28 of the tool 14 and metallurgically 
bonded to the outer surface of the weld zone 60 to form 
a corrosion-resistant zone 62 covering the outer surface 
of the joint. so 
[0028] A variation on the lap weld method described 
above is depicted in FiGS. 9A and 9B. Workpieces 64 
and 66 are overiapped to define a lap joint therebe- 
tween. A layer 68 of con-osion-resistant material is inter- 
posed between the workpieces at the lap joint. A friction 55 
stir welding process is performed to form a lap joint weld 
in the region of the workpieces having the corrosion- 
resistant material layer 68. The rotating stir pin plasti- 
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cizes the metal of the workpieces, and also causes 
plastic flow of the corrosion-resistant material layer 68 in 
the region of the weld. FIG. 98 shows a photomicro- 
graph of a lap weld produced by this method. Two 
sheets of 0.063-inch thick 7075 aluminum alloy were 
overiapped, a cladding layer of non-alloyed aluminum 
was interposed between the sheets prior to welding, 
and a friction stir welding operation was performed. The 
weld zone 70 is visible as the central darkened region. 
A continuous layer 72 of non-alloyed aluminum remains 
intact at the joint, sealing the joint and preventing corro- 
sive agents from attacking and creating corrosion at the 
joint. This welding method may be effective, for exam- 
ple, for preventing moisture trapped between the work- 
pieces from contacting and causing corrosion of the 
welded joint. 

[0029] From the foregoing description of certain pre- 
ferred embodiments of the invention, it wilt be appreci- 
ated that the Invention provides unique friction welding 
methods and welded joints. The methods of the inven- 
tion create welded butt joints in which corrosion-resist- 
ant material 26 metallurgically bonds to portions of the 
workpieces 10 and 12 in the weld zone 22, and creates 
welded lap joints in which corrosion-resistant material 
56 metallurgically bonds to a portion of an upper work- 
piece 50 in the weld zone 60, and/or in which corrosion- 
resistant material 68 metallurgically bonds to and sur- 
rounds a weld zone 70 at a lap joint. The corrosion- 
resistant material 26, 56, or 68 protects the metal in the 
weld zone which has been metallurgically altered during 
the welding operation and is othenwise susceptible to 
corrosion. 

[0030] While the invention has been explained by ref- 
erence to certain preferred embodiments thereof. It is to 
be understood that the invention Is not limited to the par- 
ticular details of these embodiments, and various modi- 
fications and substitutions of equivalents may be made 
thereto without departing from the scope of the inven- 
tion as defined in the appended claims. 

Claims 

1. A method of friction stir welding two metal work- 
pieces together along a joint therebetween such 
that the joint has a metallurgically bonded layer of 
corrosion-resistant material covering an outer sur- 
face of the joint, the method comprising; 

positioning the workpieces in contact with each 
other to define a joint therebetween along 
which the workpieces are to be welded 
together; 

defining a weld zone spanning the joint 
between the workpieces which is to rendered 
plastic for creating a metallurgical bond 
between the workpieces along the joint, the 
weld zone having an outer surface; 
covering the outer surface of the weld zone 
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with a layer of corrosion-resistant material; and 
friction stir welding the workpieces together 
along the joint so as to plastlcize the metal in 
the weld zone, and to cause plastic flow of the 
corrosion-resistant material along the outer 5 
surface of the weld zone and metallurgical 
bonding of the corrosion-resistant material with 
a portion of the plasticized metal so as to cre- 
ate a corrosion-resistant material covering the 
outer sur^ce of the joint. io 

2. The method of claim 1 wherein the step of position- 
ing the workpieces comprises positioning the work- 
pieces in edge-abutting relation to define a butt joint 
therebetween, wherein the weld zone is comprised is 
of abutting portions of both workpieces such that 

the outer surface of the weld zone comprises outer 
surfaces of both workpieces on opposite sides of 
the joint, and wherein the step of covering the outer 
surface of the weld zone comprises covering outer 20 
surfaces of both workpieces to cover the weld zone. 

3. The method of claim 2 wherein the step of covering 
the outer surface of the weld zone comprises apply- 
ing a single continuous corrosion-resistant material 25 
layer over the outer surfaces of the workpieces 
spanning the joint. 

4. The method of claim 3 wherein the step of covering 

the outer sur^ce of the weld zone comprises tack 30 
welding a strip of corrosion-resistant metal to the 
workpieces so as to cover the weld zone. 



8. The method of claim 7 wherein the step of friction 
stir welding further comprises engaging the corro- 
sion-resistant material layers with a shoulder of the 
rotating friction stir welding tool, the shoulder fric- 
tionally engaging the corrosion-resistant material 
layers in shear to cause plastic flow thereof and 
metallurgical bonding of the corrosion-resistant 
material with the workpieces. 

9. The method of claim 1 wherein the step of position- 
ing the workpieces comprises positioning the work- 
pieces in overlapping relation to define a lap joint 
therebetween, the weld zone extending completely 
through the thickness of a first of the workpieces 
from an outer surface thereof and partially through 
the thickness of a second of the workpieces, and 
wherein the step of covering the outer surface of the 
weld zone comprises applying a corrosion-resistant 
material layer over the outer surface of the first 
workpiece to cover the weld zone. 

10. The method of claim 9 wherein the step of covering 
the outer surface of the first workpiece comprises 
tack welding a strip of corrosion-resistant metal to 
the outer surface of the first workpiece to cover the 
weld zone. 

11. The method of claim 9 wherein the step of applying 
a corrosion-resistant material layer over the outer 
surface of the first workpiece comprises cladding 
the outer surface of the first workpiece with corro- 
sion-resistant metal. 



5. The method of claim 2 wherein the step of covering 
the outer surface of the weld zone comprises apply- 35 
ing a discrete corrosion-resistant material layer 
over the outer surface of each workpiece covering 
the weld zone thereof such that the discrete corro- 
sion-resistant material layers cooperate to define a 
substantially continuous layer covering the weld 40 
zone when the workpieces are placed in edge-abut- 
ting relation. 



12. The method of claim 9 wherein the step of friction 
stir welding comprises plunging a stir pin of a rotat- 
ing friction stir welding tool into the workpieces such 
that the stir pin extends from the outer surface of 
the first workpiece through the thickness thereof 
and partially through the thickness of the second 
workpiece, and advancing the rotating friction stir 
welding tool along a path through the workpieces to 
create the friction welded joint. 



6. The method of claim 5 wherein the step of applying 

a discrete corrosion-resistant material layer to each 45 
workpiece comprises cladding the outer surface of 
each workpiece with a con-osion-resistant material 
layer. 

7. The method of claim 2 wherein the step of friction so 
stir welding comprises engaging both workpieces 

on either side of the joint with a stir pin of a rotating 
friction stir welding tool so as to cause local plastici- 
zation of the metal of both workpieces adjacent the 
joint, and advancing the rotating friction stir welding ss 
tool along the joint to create the friction stir welded 
joint. 



13. The method of claim 12 wherein the step of friction 
stir welding further comprises engaging the corro- 
sion-resistant material layer with a shoulder of the 
rotating friction stir welding tool, and frictionally 
heating and shearing the corrosion-resistant mate- 
rial layer by frictional engagement of the shoulder 
therewith. 

14. A method of friction stir welding two metal work- 
pieces together along a lap joint therebetween such 
that the joint has a metallurgically bonded layer of 
corrosion-resistant material sunrounding the joint, 
the method comprising: 

positioning the workpieces in overiapping rela- 
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tion with each other and interposing a layer of 
corrosion-resistant material between overlap- 
ping portions of the workpieces to form a lap 
joint along which the workpieces are to be 
welded together; and 5 
friction stir welding the workpieces together 
along the joint so as to plasttcize the metal in 
the weld zone and in the corrosion-resistant 
material layer, the corrosion-resistant material 
layer metallurgtcally bonding with a portion of 10 
the plasticized metal so as to create a zone of 
corrosion-resistant material surrounding the 
weld zone at the lap joint. 

15. The method of claim 14 wherein the steps of posi- is 
tioning the workpieces and interposing a corrosion- 
resistant material layer therebetween comprises 
cladding the corrosion-resistant material layer onto 

a surface of one of the workpieces, and positioning 
said one of the workpieces in overlapping relation 20 
with the other workpiece with the corrosion-resist- 
ant material layer in contact with the other work- 
piece. 

1 6. A welded joint between two metal workpieces, com- 25 
prising: 

first and second metal workpieces connected 
at a joint therebetween and metallurgically 
bonded to each other by a welded zone extend- 30 
ing across the joint, the welded zone having an 
outer surface; and 

corrosion-resistant material metallurgically 
bonded with portions of at least one of the first 
and second workpieces within the welded zone 35 
so as to form a zone of corrosion-resistant 
material along the outer surface of the welded 
zone. 

17. The welded joint of claim 16 wherein the first and 4o 
second workpieces are formed of aluminum alloy 
and the corrosion-resistant material is formed of 
non-alloyed aluminum. 

18. The welded joint of claim 16 wherein the work- 45 
pieces are connected at a butt joint with outer sur- 
faces of the workpieces generally flush with each 
other, the outer surface of the welded zone being 
adjacent the outer surfaces of the workpieces, and 
wherein the conrosion-reslstant material zone is so 
continuous with the outer surfaces of the work- 
pieces. 

19. The welded joint of claim 16 wherein the work- 
pieces are connected at a lap joint, the welded zone ss 
extending across the lap joint from an outer surface 

of the first workpiece completely through the thick- 
ness thereof and at least partially through the thick- 
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ness of the second workpiece, the outer surface of 
the welded zone being adjacent the outer surface of 
the first workpiece, the corrosion-resistant material 
zone being continuous with the outer surface of the 
first workpiece. 

20. The welded joint of claim 1 6 wherein the corrosion- 
resistant material comprises cadmium. 

21 . The welded joint of claim 16 wherein the corrosion- 
resistant material comprises magnesium. 

22. The welded joint of claim 16 wherein the corrosion- 
resistant material comprises chromium oxide. 

23. A welded lap joint between two metal workpieces, 
comprising: 

first and second metal workpieces having over- 
lapping portions connected to form a lap joint 
therebetween and metallurgically bonded to 
each other by a welded zone extending across 
the lap joint; and 

a layer of corrosion-resistant material inter- 
posed between the overlapping portions of the 
first and second workpieces and metallurgically 
bonded with metal in the welded zone, the cor- 
rosion-resistant material layer surrounding the 
welded zone at the lap joint for preventing 
exposure of metal in the welded zone to corro- 
sive agents at the lap joint. 

24. The welded lap joint of claim 23, wherein the work- 
pieces comprise aluminum alloys and the corro- 
sion-resistant material comprises non-alloyed 
aluminum. 

25. The welded lap joint of claim 23, wherein the corro- 
sion-resistant material layer extends along the 
entire surfaces of the overiapping portions of the 
workpieces. 
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